Neurocysticercosis (NCC) is an important cause of severe neurological disease mainly in low-and middleincome countries, but data on NCC mortality from endemic areas are scarce. Here we analysed the epidemiological patterns of NCC-related mortality in Brazil. We included all deaths recorded in Brazil between 2000 and 2011, in which NCC was mentioned on death certificates, either as underlying or as associated cause of death. NCC was identified in 1829/12,491,280 deaths (0.015%), 1130 (61.8%) as underlying cause, and 699 (38.2%) as associated cause. Overall age-adjusted mortality rate for the period was 0.97 deaths/1,000,000 inhabitants (95% confidence interval [CI]: 0.83-1.12). The highest NCC-related mortality rates were found in males, elderly, white race/colour and residents in endemic states/regions. Age-adjusted mortality rates at national level decreased significantly over time (annual percent change [APC]: −4.7; 95% CI: −6.0 to −3.3), with a decrease in the Southeast, South and Central-West regions, and a non-significant increasing trend in the North and Northeast regions. We identified spatial and spatiotemporal high-risk mortality clusters located mainly in NCC-endemic areas. Conditions related to the nervous system were the most commonly associated causes of death when NCC was mentioned as an underlying cause, and HIV/AIDS was the main underlying cause when NCC was an associated cause. NCC is a neglected and preventable cause of severe neurologic disease and death with high public health impact in Brazil. There is a clear need to strengthen nationwide epidemiological surveillance and control for the taeniasis/cysticercosis complex.
Introduction
Neurocysticercosis (NCC) is a parasitic infection of the human central nervous system caused by the larval form (cysticerci) of the pork tapeworm Taenia solium (Carpio, 2002; WHO, 2002 WHO, , 2010a . NCC is considered a neglected and poverty-related disease, with high public health and social impact in developing countries, especially in Africa, Asia and Latin America and the Caribbean (LAC) Table 1 Epidemiological characteristics and NCC-related mortality rates (per 1,000,000 inhabitants) by sex, age group, race/colour and region of residence in Brazil, 2000 Brazil, -2011 CI: confidence intervals; CRR: crude rate ratio; not calculated. a Average annual crude-and age-adjusted mortality rates (per 1,000,000 inhabitants), calculated using the average number of NCC-related deaths as a numerator and population size in the middle of the studied period (central year: 2005.5 ) as a denominator. Population data on race/colour was derived from the Brazilian National Censuses (2000 and 2010) . Population size in relation to race/colour for the middle of the period was derived from an average of the 2000 and 2010 censuses.
b Age-standardized to the 2010 Brazilian population. c Data not available in all cases (age group: 3, and race/colour: 172).
and Leite, 2001; Agapejev, 2003) . In a comprehensive literature review of epidemiological data available in Brazil covering the period 1915-2002, the frequency of NCC ranged from 0.12% to 9% in autopsies and from 0.03% to 13.4% in clinical studies (Agapejev, 2003) . The case fatality rate of NCC ranged from 4.8% to 25.9%, and asymptomatic forms of NCC were detected in 48-55% of cases with autopsy-confirmed diagnosis (Agapejev, 2003) . Despite of the epidemiological, socio-economic and clinical relevance, the burden of NCC-related mortality also remains largely unknown in endemic countries (Bhattarai et al., 2013) . There are very limited population-based data and few large-scale studies on NCC-related deaths (Sorvillo et al., 2004; Townes et al., 2004; Santo, 2007; Sorvillo et al., 2007) . Here we present a systematic assessment of the epidemiological patterns, time trends and spatial distribution of NCC-related mortality in Brazil, from 2000 to 2011.
Material and methods

Study area
Brazil, South America's largest country, is extended over 8.5 million km 2 with a population of about 203 million inhabitants in 2014. It is divided politically and administratively into five geographic regions (South, Southeast, Central-West, North and Northeast), 27 Federal Units (26 states and one Federal District) and 5570 municipalities (Instituto Brasileiro de Geografia e Estatística-IBGE; http://www.ibge.gov.br). There is a wide demographic, cultural and socioeconomic diversity between Brazilian regions. For instance, both North and Northeast regions comprehend the areas with the lowest income of the country. In addition, the same regions also present particular epidemiological diseaserelated patterns such as those related to poverty (Lindoso and Lindoso, 2009; Hotez and Fujiwara, 2014) .
Study design and population
We performed a nationwide population-based study using mortality data, including time trend and spatial analyses. The study included all deaths in Brazil that occurred between 2000 and 2011, in which NCC was mentioned on the death certificates either as underlying or as associated (non-underlying) cause of death (socalled multiple causes of death) (Redelings et al., 2006; Santo, 2007) . In this context, underlying cause of death is defined as the disease that initiated the events leading directly to death. For each death, only a single underlying cause is reported (WHO, 2010b; Australian Institute of Health and Welfare, 2012 
Data sources
Mortality data were obtained from the nationwide Mortality Information System (Sistema de Informaç ão sobre Mortalidade-SIM) of the Brazilian Ministry of Health. SIM is responsible for the collection, data entry and consolidation of death data throughout the national territory in order to allow the calculation of health indicators (Brazilian Ministry of Health, 2001) . SIM datasets are generated from death certificates, which are filled out by physicians in charge, and contain demographic and clinical information. SIM data are available on public domain and freely accessible at the website of the Informatics Department of the Unified Health System (Departamento de Informática do Sistema Único de Saúde-DATASUS; http://tabnet.datasus.gov.br/cgi/sim/ dados/cid10 indice.htm). Downloading of the 324 mortality data sets with about 12.5 million entries, and data processing has been described in detail previously (Martins-Melo et al., 2012a ,b, 2015 Crude mortality rates and their 95% CIs were calculated by sex, age group, race/colour and place of residence by dividing the number of NCC-related deaths by the population in each calendar year, expressed per 1,000,000 inhabitants. Age-adjusted rates for sex and regions/states of residence were calculated by the direct standardization method, using the Brazilian population of the 2010 Census as standard. Age categories for standardization and calculation of age-specific rates were: 0-14, 15-29, 30-39, 40-49, 50-59, 60-69 , and ≥70 years. Based on the crude rates, we calculated rate ratios (RRs) with their 95% CIs. Statistical significance of differences among groups was evaluated by the chi-squared test ( 2). We used the Student's t-test to compare the mean age at death (in years) between groups.
Time trend analysis was performed using joinpoint regression models (Kim et al., 2000) , with age-adjusted (sex and the Brazil's geographic regions) and age-specific rates as dependent variables, and the year of occurrence as independent variable. This analysis identified joinpoints via a log-linear method, where the direction or the magnitude of trends changed significantly (Kim et al., 2000) . The analysis started with 0 joinpoint (a straight line without inflection points), and verified whether the inclusion of one or more joinpoints (in our analysis up to three) in the model were significant (Kim et al., 2000) . Each significant joinpoint that indicated a change in the slope was retained. Statistical significance was tested using the Monte Carlo permutation test, which chooses the best segment for each model (Kim et al., 2000) . The annual percent change (APC) and 95% CI were calculated for each segment (Kim et al., 2000) . To simplify trend comparison for the epidemiologic indicators with more than one slope, we also calculated the average annual percent change (AAPC) over the entire period. This was estimated as the geometric-weighted average of the APC, with the weights reflecting the length of each time interval segment (Kim et al., 2000) . Trend was considered statistically significant when the APC and AAPC presented p < 0.05.
We analysed the spatial distribution and spatiotemporal patterns of NCC-related mortality using the Brazilian municipalities of residence as units of analysis (territorial division of 2010). We calculated crude NCC-related mortality rates (per 100,000 inhabitants) for the 12-year study period, and the smoothed mortality rates by means of the Local Empirical Bayesian method to reduce random variations and provide greater stability of mortality rates in municipalities with small populations and rare events (Assunç ão et al., 1998).
We used Global Moran's I index (ranging from −1 to +1) to assess the presence of global spatial autocorrelation (Cliff and Ord, 1981) . Then we evaluated the existence of local autocorrelation (Local Index of Spatial Association-LISA) by means of Local Moran's I index (Anselin, 1995) . The objective of this procedure was to identify significant hot spots (High-High: high values spatial clusters), cold spots (Low-Low: low values spatial clusters), and spatial outliers (High-Low: high values surrounded with low value or Low-High: Low values surrounded with high values) of mortality rates (Anselin, 1995) . For spatial representation of the Local Moran's index, Moran Maps were created, including municipalities with differences on p < 0.05.
We used retrospective Kulldorff's space-time scan statistics to identify high-risk spatiotemporal clusters (Kulldorff, 1997) . We used further a Poisson probability model scanning for areas of high NCC-related mortality, with a maximum spatial cluster size of 30% of the population at risk, and a maximum temporal cluster size of 50% of the study period. The most likely or primary cluster and secondary clusters were detected through the log likelihood ratio (LLR) test. We computed statistical significance using 999 Monte Carlo simulations.
We present the causes of death (diseases and disorders) that most commonly were associated with NCC-related deaths. For each death certificate that listed NCC as an underlying cause, the associated causes were examined, and for each death certificate that listed NCC as an associated cause, the underlying cause were investigated. All causes reported on the death certificates were analysed, even ill-defined (classified in Chapter XVIII-R00-R99 of the ICD-10) and those characterized by the WHO as modes of death, such as cardio-respiratory arrest and multiple organ failure (Santo, 2007) .
Data analysis was performed with Stata software package version 11.2 (Stata Corporation LP, College Station, TX, USA). Joinpoint regression analyses were carried out with Joinpoint Regression Program version 4.0.4 (United States National Cancer Institute, Bethesda, MD, USA). ArcGIS software version 9.3 (Environmental Systems Research Institute-ESRI, Redlands, CA, USA), and TerraView software version 4.2 (Instituto Nacional de Pesquisas Espaciais-INPE, São José dos Campos, SP, Brazil) were used for input, processing, analysis, calculation of autocorrelation indicators, and construction of thematic maps. Scan statistics were performed using SaTScan software version 9.1.1 (Harvard Medical School, Boston and Information Management Service Inc., Silver Spring, MD, USA).
Ethics
Analysis was based on publicly available secondary anonymous data, with no possibility of identification of individuals. The Ethical Review Board of the Federal University of Ceará (Fortaleza, Brazil) approved the study. The mean (SD) and median age at death of NCC-related deaths was 50.8 years (±17.4) and 49.1 years (range: 1.1-95.3), respectively. The mean (SD) age at death in the NCC-related deaths as underlying cause was significantly lower than that for the NCCrelated deaths as associated cause (48.3 ± 16.6 vs. 54.9 ± 17.9 years, respectively; p < 0,001). The mean (SD) age at death was higher in females than in males, but not statistically significant (51.7 ± 18.6 vs 50.1 ± 16.3 years; p = 0.055).
Results
Neurocysticercosis-related deaths
Epidemiological characteristics of deaths
Overall, 83.3% (1522/1827) of the NCC-related deaths occurred in hospitals, and decedent's residence was reported as place of occurrence in 13.4% (244/1827) of deaths.
Mortality rates
The average annual crude NCC-related mortality rate was 0.82 deaths/1,000,000 inhabitants (95% CI: 0.70-0.96) and the ageadjusted rate 0.97 deaths/1,000,000 inhabitants (95% CI: 0.83-1.12) ( Table 1) . Mortality rates increased steadily with age, with a maximum in ≥70 years-olds (3.72 deaths/1,000,000 inhabitants) ( Table 1) . Age-adjusted mortality rates were higher in males than females, with no significant difference ( Table 1) . Individuals of white race/colour had the highest rates (Table 1) . There was a considerable regional distribution, with the Central-West, South and Southeast regions showing highest rates (RR values >12, as compared to the North region) ( Table 1 ). The highest average annual age-adjusted mortality rates by state of residence were observed in Paraná (South region, 2.38 deaths/1,000,000 inhabitants), Minas Gerais (Southeast region, 1.64 deaths/1,000,000 inhabitants), and Goiás (Central-West region, 1.59 deaths/1,000,000 inhabitants) (Fig. 1) .
Time trends
Age-adjusted NCC-related mortality rates presented a significant decreasing trend at national level (APC: −4.7; 95% CI: −6.0 to −3.3.) over the 12-year study period, with different patterns between regions ( Fig. 2; Table 2 ). Similar to the nationwide pattern, there was a significant decrease of mortality figures in the Southeast (APC: −6.5; 95% CI: −8.8 to −4.2), South (APC: −3.4; 95% CI: −6.7 to −0.1), and Central-West (APC: −6.0; 95% CI: −11.0 to −0.8) regions. The North (APC: 5.2; 95% CI: −7.8 to 20.0) and Northeast (APC: 1.8; 95% CI: −1.7 to 5.4) regions presented a non-significant increasing trend ( Fig. 2; Table 2 ).
Both males and females showed significant decreasing mortality trends in the study period (Table 2) . In all age groups, mortality decreased during the observation period; the trends in the age groups 0-14 years and 40-49 years were not significant (Table 2) .
Spatial distribution and high-risk cluster analysis
In total, 14.6% (813/5,565) of Brazilian municipalities in 24 of the 27 states recorded at least one NCC-related death. The spatial distribution of the average annual crude and smoothed mortality rates are presented in Fig. 3A and B, respectively. Average annual crude NCC-related mortality rates ranged among municipalities from 0.0 to 4.49 deaths/100,000 inhabitants, and smoothed mortality rates from 0 to 1.21 deaths/100,000 inhabitants. Municipalities with high NCC-related mortality rates were located mainly in states of Southeast, South and Central-West regions (Fig. 3A and B) . Global Moran's I index for the study period showed significant positive spatial autocorrelation (0.282, p < 0.001), evidencing the existence of spatial dependence among municipalities. Fig. 4A presents the high-risk clusters of municipalities identified according to the LISA analysis. We identified a large high-risk (High/High) concentric cluster for NCC-related mortality in central Brazil, covering several geographic regions (Fig. 4A) . Clusters of municipalities with low rates (Low/Low) covered large areas in the Northeast and North regions and in small areas in the Mato Grosso and Rio Grande do Sul states (Fig. 4A) .
By scan space-time analysis, we identified two significant spatiotemporal high-risk clusters in Northeast, Southeast, South and Central-West regions (Fig. 4B) . The most likely cluster (primary cluster) was detected in the period 2000-2004, and included 1211 municipalities of states of Mato Grosso do Sul, Goiás, Distrito Federal, Minas Gerais, São Paulo, Paraná and Santa Catarina, with a total of 482 deaths. The relative risk was 2.66 (LLR: 142.63; p < 0.001) and the annual mortality rate was 0.2 deaths/100,000 inhabitants (Fig. 4B) . The secondary high-risk cluster included 709 municipalities located in the states of Bahia, Minas Gerais, Espírito Santo and Rio de Janeiro with the duration from 2002 to 2007. This cluster had 163 deaths, with a relative risk of 1.88 (LLR: 24.81; p < 0.001) and annual mortality rate 0.1 deaths/100,000 inhabitants (Fig. 4B ).
Causes of death associated to NCC-related deaths
The main associated causes of death mentioned on death certificates in which NCC was identified as the underlying cause included nervous/neurological diseases (73.1%), in particular intracranial hypertension, hydrocephalus and cerebral oedema (Supplementary Table 1 ). The second group with the highest number of mentions as associated cause were respiratory diseases (49.1%, particularly pneumonia and respiratory failure). Sepsis and respiratory arrest were mentioned in 15.3% and 10.4% of deaths, respectively (Supplementary Table 1) .
When NCC was mentioned as an associated cause, the most common underlying causes included cardiovascular diseases (31.5%), infectious diseases (23.7%) and neurological diseases (10.9%) (Supplementary Table 2 ). HIV/AIDS (17.3%) was the principal specific underlying cause, followed by stroke (9.2%) and other cerebrovascular diseases (6.7%) (Supplementary Table 2 ).
Discussion
To the best of our knowledge, this is the first nationwide systematic study on NCC-related mortality in Brazil. We highlighted several epidemiological and clinical aspects of the disease: we observed a decreasing trend of mortality over a 12-year period, with significant variations among Brazilian regions; we identified spatial and spatiotemporal high-risk clusters for mortality, located mainly in traditional NCC-endemic areas in the country; we described high-risk groups such as advanced age, males, individuals of white race/colour, and residents in endemic states/regions; and we described diseases of nervous and respiratory systems as the most commonly associated causes of death when NCC was the underlying cause, and HIV/AIDS as the most frequent underlying cause when NCC was listed an associated cause of death.
The age-adjusted NCC-related mortality rates presented a steady decline, caused mainly by the reduced mortality in the NCC-endemic regions, as the Southeast, South and Central-West (Agapejev, 2003) . The cause of this trend may indicate a decrease in the incidence and/or case fatality rate by NCC in recent years (Santo, 2007) . In the absence of systematic disease surveillance and control programs in most endemic areas, nonspecific measures, such as improved general living and sanitary conditions, improved health education and access to health services may have played an important role in reducing NCC incidence and, consequently, severe and fatal cases (Takayanagui and Leite, 2001; Santo, 2007) . Furthermore, the use of better diagnostic approaches, early diagnosis and access to both clinical and surgical treatments may be important factors involved in decreased case fatality and mortality in endemic regions (Takayanagui and Leite, 2001; Santo, 2007) . A study in Mexico using national data verified an important decrease of the frequency of cases of cysticercosis and taeniasis from 1990 to 2009; the implementation of national control program for T. solium and the general improvement of living conditions in Mexico were considered as the main driving factors (Flisser and Correa, 2010) . The most socio-economically deprived regions in Brazil (North and Northeast) despite having the lowest rates, did not present a decreasing trend of NCC-related mortality in the study period. In these areas there are usually no specific control programs, there is limited access to health services, and living conditions are poor (Agapejev, 2003; WHO, 2010a; Agapejev, 2011; Del Brutto, 2014) .
Our study evidenced high-risk clusters for NCC-related mortality in the well-known disease-endemic areas in Southeast, South and Central-West regions of the country. The risk was more than 12 times higher in these regions, as compared to the North region. In fact, recent evidence has shown that highest occurrence of NCC was found in some states of these regions, with occasional occurrence in some states of the Northeast region (Agapejev, 1996 (Agapejev, , 2003 . Although the frequency of cases of NCC is associated with precarious sanitary conditions and low socioeconomic conditions in endemic areas (WHO, 2010a; Agapejev, 2011) , the high occurrence of the disease in South and Southeast regions may also be due to higher coverage and access to diagnosis by neuroimaging tests (computed tomography [CT] or/and Magnetic Resonance Imaging [MRI]), and clinical and surgical treatment, and the presence of specific control programs and disease notification (Pfuetzenreiter and Pires, 2000; Agapejev, 2003 Agapejev, , 2011 . The low occurrence of NCC in some areas, such as North and Northeast regions, can be explained by the lack of notification and difficulty of access to medical care and diagnostic methods, which can reduce the frequency of diagnosis and result in underreporting of the disease (Pfuetzenreiter and Pires, 2000; Agapejev, 2003) . Internal migration processes, especially of people from rural areas in disease-endemic regions to urban centres, may have also affected the endemic patterns of disease in the country (Mendes et al., 2005; Benedeti et al., 2007; Gonzales et al., 2015) .
The higher NCC-related mortality rates observed in males confirm findings of other large-scale mortality studies carried out in the state of São Paulo, Brazil (Santo, 2007) , and in the USA (Sorvillo et al., 2004 (Sorvillo et al., , 2007 . The relationship between sex and NCC infection risk is controversial. Some studies showed a higher frequency of the disease in males (Chimelli et al., 1998; Chagas et al., 2003; LinoJunior et al., 2007; Almeida and Torres, 2011) , while others showed a higher prevalence of NCC in females (Pfuetzenreiter and AvilaPires, 1999; Mendes et al., 2005; Benedeti et al., 2007; Grazziotin et al., 2010; Coral-Almeida et al., 2015) . A previous literature review on NCC epidemiology in Brazil showed a higher prevalence of NCC among males, with more frequent involvement of severe manifestations in female patients (Agapejev, 2003 (Agapejev, , 2011 . In fact, in studies that showed a higher frequency of NCC in males, generally most cases were considered asymptomatic (Shandera et al., 1994; Chimelli et al., 1998; Montemor Netto et al., 2000; Almeida and Torres, 2011) . Studies showed that some forms of NCC are more severe in women, with a more intense inflammatory response against the parasite, indicating a possible hormonal influence on the disease development or susceptibility (Del Brutto et al., 1988; Pfuetzenreiter and Avila-Pires, 1999; Fleury et al., 2004; Mendes et al., 2005; Benedeti et al., 2007) . Gender-specific healthcare seeking behaviour may also play a role. The more frequent occurrence of clinical manifestations in women would lead them to seek medical assistance more frequently and, consequently, to carry out more diagnostic testing than men (Pfuetzenreiter and Avila-Pires, 1999; Grazziotin et al., 2010) .
The high NCC-related death rates among elderly reflect the patterns of chronic and debilitating nature of this disease (Croker et al., 2012) . There is a longer exposure to parasites with increasing age, and probably patients are continuously infected with NCC during their lifetime (Freitas et al., 2005; Mendes et al., 2005; Cavellani et al., 2007 Cavellani et al., , 2012 Coral-Almeida et al., 2015) . Studies have demonstrated that older people are more tolerant to the parasite than younger, with NCC less symptomatic in older people than in younger people (Cavellani et al., 2007 (Cavellani et al., , 2012 . Some studies have indicated higher levels of active infection in elderly people, which was suggested to be due to a lowered host immune response (Praet et al., 2010; Secka et al., 2011; Mwape et al., 2013) . This could indicate that susceptibility to become infected increases with age, whereas there is a decrease of resistance against severe disease (Cavellani et al., 2012) . These effects may explain higher mean age at death and higher proportion of deaths in older age groups for NCC as an associated cause when compared to NCC as an underlying cause, which had higher predominance of deaths in middle-aged adults. The simultaneous occurrence of common chronic diseases in the elderly, such as cardiovascular diseases and cancer, may even increase severity and case fatality (Cavellani et al., 2007) .
The high proportion and death rate in people of withe race/colour can be mainly explained by the higher population of European descendants in Brazil's Southeast and South regions (IBGE, 2010) . However, an important number of missing data regarding race/colour limits the validity and the interpretation of this information should be performed with caution.
We observed that the main conditions or causes of death associated with NCC-related deaths as underlying cause included diseases of the nervous and respiratory systems, corroborating findings from previous studies (Sorvillo et al., 2004; Townes et al., 2004; Santo, 2007; Sorvillo et al., 2007) . Consistent with the clinical descriptions and natural history of disease, there was a large number of concurrent conditions directly related to complications of brain involvement, namely hydrocephalus, intracranial hypertension, cerebral oedema, stroke and epilepsy/convulsions (Sorvillo et al., 2004; Townes et al., 2004; Agapejev 2003; Santo, 2007; Sorvillo et al., 2007; Carabin et al., 2011) . The presence of associated causes of death considered terminal conditions, such as respiratory failure, pneumonia, respiratory arrest and sepsis may reflect the severity of the NCC-related complications process leading to death (Santo, 2007) . Considering deaths in which NCC was identified as an associated cause, the predominance of HIV/AIDS as underlying cause was similar to findings of a previous mortality study (Santo, 2007) . HIV/AIDS can aggravate the condition of NCC patients (Delobel et al., 2004; Santo, 2007) , but further studies are necessary to establish the effect of NCC-HIV co-infection in aggravating or deterioration of both diseases (Anand et al., 2014) . Stroke, a relatively common but neglected complication of NCC, is caused by inflammatory occlusion of the arteries of the brain (Rocha et al., 2001; Santo, 2007) .
The taeniasis/cysticercosis complex is not a compulsory notifiable disease and there is not a specific national control program in Brazil (Takayanagui and Leite, 2001; Agapejev, 2003) . Although the Brazilian Ministry of Health recommends the implementation of compulsory notification of taeniasis/cysticercosis complex in endemic areas, only some states (Santa Catarina, Paraná, Minas Gerais and Mato Grosso do Sul) and the municipality of Ribeirão Preto (São Paulo state) have deployed taeniasis/cysticercosis control programs (Takayanagui et al., 1996; Agapejev, 2003) . Consequently, data on incidence and prevalence of NCC remain widely unknown, and disease occurrence is most probably underestimated in Brazil (Agapejev, 2003) . The implementation of appropriate surveillance mechanisms and a mandatory reporting system for taeniasis/cysticercosis complex throughout the national territory could provide more accurate epidemiological data on the population prevalence and would allow geographical mapping of the affected areas to improve effectiveness of surveillance and control measures (Takayanagui and Leite, 2001; Agapejev, 2003) . Control measures should include free access to preventive chemotherapy, early diagnosis and treatment of taeniasis cases, improved pig husbandry practices, strict meat product inspection, and anthelmintic treatment and vaccination of pigs (WHO, 2002 (WHO, , 2010a Croker et al., 2012) . These specific control actions should be developed along with more general measures, such as improvements of living conditions, access to adequate water and sanitation, improved access to health care and health education (WHO, 2010a; Torres, 2015) .
Our study has some limitations. Secondary data may present incomplete and biased information, despite the improved coverage and quality of SIM datasets during the past years (Martins-Melo et al., 2012a ,b, 2014a . For example, an increasing trend may be caused partially by increased coverage and improvements of death records of SIM during the study period, as well as by improvement of access to health care services (Martins-Melo et al., 2014b) . SIM coverage in 2011 was lowest in Maranhão state (79.1%) in Northeast region and highest in the states of the Southeast and South regions, with 100% coverage (http://tabnet.datasus.gov. br/cgi/idb2012/a1801b.htm). Consequently, changes in mortality trends among regions should be interpreted with care. The underlying cause of death may have been encoded as a complication or aggravation associated with NCC (such as cerebral oedema, hydrocephalus and intracranial hypertension). We collected information based on multiple causes of death, rather than only the underlying cause, to reduce this error and to identify all death certificates in which NCC was mentioned in any field. In fact, an additional 32% of cases were identified by using multiple causes of death. However, it still can be assumed that the number of deaths by NCC has been underestimated to some extent. First, about 8% of cysticercosis-related deaths (ICD-10: B69) were recorded as unspecified cysticercosis (ICD-10: B69.9) (156/2007); a certain number of NCC may be included in this group, without being reported adequately. Second, diagnosis of NCC requires confirmation of infection through neuroimaging and serologic testing, biopsy or autopsy (Sorvillo et al., 2004 (Sorvillo et al., , 2007 . Some fatal NCC cases may thus not have been diagnosed, with consequent miscoding of NCC-related deaths as other conditions (Sorvillo et al., 2004) .
Another limitation is related to the use of scan statistics, which has implications on results interpretation. The circular window imposed for scan space-time analysis to identify clusters may include places of low rates or with absence of deaths, if these places are surrounded by places characterized by high mortality rates Shabani et al., 2010) . In addition, the results produced are very sensitive to the parameter setting of the statistical program (Cheung et al., 2013) .
Mortality data may be limited to identify specific areas of high transmission and endemicity of NCC, since most deaths may have been a result of infections acquired many years ago, and due to internal migration of infected people, the location of death not necessarily reflects the location of infection (Mendes et al., 2005; Martins-Melo et al., 2015) .
Conclusions
NCC is an important but neglected and preventable cause of death in Brazil. As indicated by the analysis of multiple causes of death, NCC-related deaths may be largely underestimated in the country. Despite the decline of NCC-related mortality, this pattern was not observed in the regions with low rates and with worse socioeconomic conditions, such as the North and Northeast regions. Clusters of municipalities with high mortality rates were found mainly in states and regions considered highly endemic for disease. Specific public health measures including surveillance and control systems and compulsory notification for taeniasis/cysticercosis complex should be implemented throughout the country.
